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1 Microplastics Size Distribution Parameterization

To map literature microplastics size distributions onto the 0.1–100µm airborne MP range of the
[1] dataset, we propose a generalized parameterization that integrates trends for sizes smaller and
larger than 100 µm. [2] reports that for particles larger than 20µm the size distribution scales
as ∼ s−1.6, implying that occurrence density decreases with increasing size in that regime. In
contrast, airborne source data from [1] show that for particles smaller than 10µm the distribution
scales as ∼ s1.4, meaning the occurrence density decreases with decreasing size. To merge these
two behaviors continuously, To merge these two behaviors continuously, we define:

x∗ = lnx, x in µm,

and adopt the following generalized probability density function:

f(x) = A exp
[
(β1 + β2)x

∗ − β2x
∗
0 + β2 ln

(
1 + e−(x∗−x∗

0)
)
− β2

]
. (S1)

This form recovers the empirical scalings in the limits:

• For x ≪ x0 (i.e., s ≪ ex0): f(x) ∝ eβ1x ∼ sβ1 ,

• For x ≫ x0 (i.e., s ≫ ex0): f(x) ∝ e(β1+β2)x ∼ sβ1+β2 ,

so that the small-size and large-size asymptotic exponents are β1 ≈ 1.42 and β1 + β2 ≈ −1.6,
respectively. The fitted parameter values are

A = 0.0016, β1 = 1.42, β2 = −3.02, x∗0 = lnx0 = ln 15. (S2)

Figure S1 shows the distribution from Equation S1 over the full MP size range 0.1 µm to 5×103 µm).
The proposed form captures the asymptotic behavior at both the small- and large-size limits while
exhibiting a mode near x ≈ 15 µm.



Figure S1: Probability distribution of MP. (a) size distribution pdf diagram; (b) size distribution
asymptotes.

2 Waste-Water-Treatment-Plant Microplastics Concentration Pa-
rameterization

To estimate MP concentrations in wastewater treatment plant (WWTP) effluent, we extended the
MP effluent concentration dataset from [3] and compiled a global dataset comprising 269 effluent
MP measurements reported in 50 studies. The geographic (continental) coverage of the source
studies is shown in Figure S2(a), and the individual data contributions are summarized in Fig-
ure S2(c). Observed MP number concentrations span from 3.2 to 1.78 × 106 #/m3 (Figure S2b);
the corresponding quantiles are listed in Table S1. Using Equation S1, the MP size distribution in
the effluent is rescaled to the range 0.1 µm–100 µm, resulting in a centroid size of rc = 39.84 µm,
which serves as the characteristic particle size. For the model, the number concentration Cnumber is
converted to a mass concentration Cmass by assuming each particle is a sphere of uniform density.
The mass of a single particle is

m =
4

3
πρr3c ,

so the conversion is

cmass = cnumber ×
(
4

3
πρr3c

)
. (S3)

Here ρ is the MP density, assumed to be 1 g/cm3 (consistent with [1]). Number concentrations
at each quantile are converted to mass concentrations via Equation S3; the results are reported in
Table S1. The dataset is supplied as the supplementary spreadsheet ’WWTP-supplementary.xlsx’.
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Figure S2: Meta-analysis and summary statistics of microplastic (MP) concentrations in WWTP
effluent. (a) Geographic distribution of effluent measurements by continent. (b) Distribution of
MP concentrations across all samples. (c) Boxplot summarizing the range and variability of MP
concentrations from all included studies.

Table S1: Summary statistics for microplastic concentrations in the 0.1–100 µm size range.

Statistic
Number concentration

cnumber (#/m3)
Mass concentration

cmass (g/m3)

Min 3.20× 100 8.47× 10−7

25% quantile 1.60× 102 4.22× 10−5

50% quantile 1.12× 103 2.95× 10−4

75% quantile 8.88× 103 2.35× 10−3

Max 1.78× 106 4.72× 10−1

3 Wash-off Model Configuration

The wash-off process is driven by runoff Q, which is derived from precipitation intensity P through
a rational conversion that accounts for land-type specific infiltration and threshold behavior. This
relationship is written as:

Q = max{0, C (P − f)}, (S4)
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where C is the runoff coefficient for the given land type and f is the threshold representing that
land type’s permeability or initial resistance to generating runoff (see Table S2). By definition,
Q = 0 when P ≤ f .

Two wash-off formulations are implemented in our model framework. In addition to the linear
wash-off model (equation 2 in main text) used in the case study, we also include the exponential
wash-off model that has been applied in the Storm Water Management Model (SWMM) and in
several other studies [4–7] and which informed our parameter selection. In the exponential formu-
lation, the fractional wash-off increases nonlinearly with runoff, combining the initiation threshold
with a saturating response:

F exp
wash-off = 1− exp(−KwQ). (S5)

Here, Q is the runoff, and Kw is the wash-off coefficient controlling how rapidly the wash-off fraction
approaches unity as Q increases. Typical values of Kw vary by surface type; the range used here,
based on common calibration values for SWMM implication, is 0.039 to 0.39 mm−1, spanning
from highly pervious to fully impervious land covers [8]. Figure S3 and Figure S4 illustrate three
representative land types, including the pervious and impervious extremes. We also examine the
response using a default value Kw = 0.18 mm−1 adopted in SWMM [1, 7], which represents a
typical mixed urban land cover; its wash-off behavior is shown in Figure S3 (variation with runoff)
and Figure S4 (variation with precipitation). For comparison, the equivalent linear wash-off model
corresponding to each exponential scenario is also shown in Figure S3 and Figure S4. The equivalent
linear model is defined by choosing its slope so that it attains 98% of the exponential model’s
asymptotic wash-off at the same runoff level.

Because direct measurements of the movability threshold are not available, we infer its con-
figuration from indirect observations of microplastic (MP) mobilization following rainfall events
and from prior modeling studies. In [1], a very low threshold of Rc = 2 mm/day was used. An-
other study [9] found that rainfall exceeding 40 mm/week (i.e., > 5.7 mm/day) led to enhanced
stormwater runoff capable of transporting additional MPs from surrounding catchments, substan-
tially increasing local MP concentrations in stormwater ponds. A separate work [10] identified a
pronounced first-flush effect at precipitation rates of 38 mm/day. Guided by these findings, the
movability threshold in the present work is set below 38 mm/day. For each land type we present
three initialization thresholds: zero adhesion (Rc = 0), medium adhesion (Rc = 16 mm/day), and
high adhesion (Rc = 32 mm/day). With the transferring using rational method by S4, the initial-
ization run-off threshold qtlow can be obtained. The case for different adhesion scenario represented
by run-off or precipitation are shown at Figure S3 and Figure S4.

From the nine scenarios shown in Figures S3 and S4, one intermediate case is selected to
represent a typical microplastic wash-off parameterization for the present study (see Figure S3e
and S4).
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Figure S3: Wash-off function as a function of run-off strength (mm/day) for linear (dash-line) and
exponential model at different initialtion threshold and land-type set-up.
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Figure S4: Wash-off function as a function of precipitation strength (mm/day) for linear (dash-line)
and exponential model at different initialtion threshold and land-type set-up.

Table S2: Wash-off parameters for different land types.

Land-type C f (mm) Kw (1/mm) k (1/mm)

Pervious (empirical limit) 0.6 16.9 0.039 0.022
Mixed 0.9 1.0 0.18 0.067
Impervious (empirical limit) 0.95 1.0 0.39 0.14
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4 DHSVM discharge outlet

For the standalone DHSVM cases, the estuarine discharge boundary is specified as the sum of all
upstream discharge volumes from the sub-watersheds within the Delaware River Basin, released
through a single outlet at the mouth of the Delaware River. The configured stream network is
shown in Figure S5, with the Delaware River outlet at the river mouth highlighted.

Figure S5: Stream network configuration for DHSVM, and the discharge port set-up at the Delaware
River mouth.
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